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CATHEDRAL  BLUFFS  SHALE  OIL  COMPANY 


Current  Status  of  the  Project 

o  Project  Plan 
o  SFC  - 
o  RDDP  - 
o  Permits  - 


DPP  Issues 


o  Confidential  Information  -  Union,  Oxy 
o  Oil  Recovery  and  Long  Range  Plans 
o  MR 


-  AGR  Processing,  Ore  Feed  Grade  and  Mineralogy 

-  Fines 

-  Spent  Shale  Handling  and  Disposal 


o  m 


-  Processing  -  Mineralogy;  Design  Basis;  Start  Up 

Steady  State;  Quenching 

-  Post  Operations  Plan  - 

.  Data  Analysis/Modeling 
•  Pre-Ignition  Water  Management 
.  Testing  and  Monitoring 
.  Abandonment/Reclamation 


o  Summary  of  Issues 
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CATHEDRAL  BLUFFS  SHALE  OIL  COMPANY 

Data  Sheet  -  Initial  Project  Plan 


MODIFIED  INSITU  DEVELOPMENT  MINING  Production  Units 

_ (  C  /  D  )C3  IgxalflLf 

o  OXY  MIS  Technology 
o  Retort  Development 

165  ft  x  165  ft  x  278  ft  H 
Production: 

5  Retorts  Developed  Per  Year 

Oil  Shale  (MIS  Development)  27  6PT  2,109  Tons 


MIS  PROCESSING  FACILITIES 


Operations: 

4  Retorts  Processing  Continuously 

5  Retorts  Processed  per  Year 
Production: 

OffGas  7471  MM  BTU/D 

Raw  Shale  Oil 

NH3 

CA  SO4 


=  1,165  Bbls 

2,260  Bbls 
46  Tons 
250  Tons 


ROOM  AND  PILLAR  AND  GENERAL  MINE  -  40'  Mining  Interval 

Production:  39-45  GPT  10,690  Tons 


ABOVE  GROUND  RETORTING  AND  MATERIALS  HANDL1M 

Union  B  Retort  Technology 

Retort  Feed  Rate:  Up  to  40  GPT 
Production: 

Raw  Shale  Oil 
Raw  Shale  Fines 
Spent  Shale 

Sulfur  Production  (AGR) 

OIL  UPGRADING  FACILITIES  (OUG) 

Union  Oil  Hydrotreating  Technology 
Feed:  Raw  Shale  Oil 
Production: 

High  Quality  Syn  Crude  Oil 
Sulfur  (OUG) 


11,775  Tons 

11,950  Bbls 
1,024  Tons 
9,420  Tons 
20  Tons 


13,260  Bbls 

14,100  Bbls 
22  Tons 


UTILITIES 

Water  Handling,  Cooling,  Treatment;  Tankage 

SYNCRUDE  PIPELINE 

8'  Line  to  Rangely  Terminal 
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SCHEDULE  START  DATE 


DESCRIPTION 


YEAR  1 


11 


YEAR  2 


13  15  17  19  21  23 


YEAR  3 


251  27  29  31  33  35 


YEAR  A 


37  39  41  43  45  47 


YEAR  5 


49  51 


53 


55 


57 


59 


YEAR  6 


61 


63 


65  .  67 


69 


71 


73 


SEC  FUNDING 


UNION  OIL  COMPANY 


U.O-C.  LICENSE-INFO.  RELEASE 


ELECTION  COST  ESTIMATE 


MANAGING  CONTRACTOR 


MINING 


UTILITIES  -changehouse/ warehouse 


CONSTRUCTION  CONTRACTOR 


SITE  PREP. 


FOUNDATION -SUBGRADE 


AGR  ENGINEERING 


VESSEL  PROCUREMENT 


VESSEL  ERECTION 


AGR  CIVIL 


AGR  PIPE,  ELECTRICAL,  MECHANICAL 


OUG 


PIPELINE 


MATERIALS  HANDLING 


MIS  SURFACE 


MIS  UNDERGROUND 


OFFSITES/UTILITIES 


PERMITS 


DDP 


mlrb 


major  development 


PSD 


UNDERGROUND  injection 


DEMO  .  TARD  . 

- A - A 


A— A 


-PLAN, 

A — A- 


ECE 


-  EVAL.  . 

-A - A 


-PROJ  PROCED  . 

A - A- 


PROJECT  MANAGEMENT 


MAIN  CAGE^REVMDRK 

A - £ 


t 


PRE  PRODUCT  ION  CONST. 


MINE  DEVELOPMENT 


1*1 

OCCUPANCY  ^MANCAMP  COMPLETION 


SELECT 


MANCAMP  E,P,C 


„  SURVEYING  . 

A - A- 


FDN/U 


SURFACE  FACILITIES  CONST  (Mech./EI«c.) 


DETAIL  ENGINEERING 


A- 


C  ,E 


FDN/U 


E  8  P  (of  Cfiticol  Equip-) 


FDN/U 


PROCESS 

^A  ENGR. PLOT  PLAN 


E» 


C,E 


-A 


A- 


C,E 


C,E 


-A- 


.  MC  . 

-A — — — A- 


-O  STARTUP 


■nA— ^ - A- 


-5>  STARTUP 


A- 


C  ,  E  a^MC  S  STARTUP^ 


C ,  E 


-A- 


FDN/U 


Cathedral  Bluffs  Shale  Oil  Company 
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DYNAMIC  TESTING 

-A - A 


3  » - - 

- c 

1  RUBBLIZATION 

AUtilit«es  Const  ^  C , 

_ ) 

C,E 


IGNITE  Isi  RETORT 


r  Hjr 

-tA 


-*•  PRODUCT  I  ON  ENGR.  STARTS  MONTH  18 
PRODUCTION  ENGR.  STARTS  MONTH  14 


LE6END 

E  ENGINEERING 

P  PROCUREMENT 

C  CONSTRUCTION 

MC  MECHANICAL  COMPLETION 

FDK/U  FOUNDATIONS  8  UNDERGROUNDS 


ACTIVITY  MILESTONE 


A  CONSTRUCTION  ACTIVITY  STARTS 
8  ENGINEERING  CONTINUES. 

OUTPUT  TO  ANOTHER  ACTIVITY. 


MIS  STEADY  STATE 

-A - o 


CB  MASTER  PROJECT  SCHEDULE 


II 
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RRB  S-7-84 


STATUS  OF  SFC  APPLICATION 
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RDDP  SCHEDULE 
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Detailed  Development  Plan  Review  Schedule 


OSPO 

lA.i.tii 


ospo  nt«u«  * 

M«l  Snmmii 


*Actual  or  Scheduled 

SOURCE:  Bureau  of  Land  Management,  OSPO 


8/10/84 


PERMIT  STATUS  REPORT 
(Update) 


7 


CATHEDRAL  BLUFFS  SHALE  OIL  COMPANY 
UPDATE  PERMIT  STATUS 


CURRENT  PERMITS  AND  APPROVALS 

Covered  Activities: 

Mine  Dewatering,  Water  Handling  and  Discharge 

Monitoring  and  Reclamation  Tests 

Outfit  Shafts  for  Hoisting 

Shaft  Station  Development 

Ore  Sampling 

Surface  Ore  Handling  Equipment  Installation 
Mine  Support  Facilities  Construction: 

(Offices,  Dry  House,  Warehouse,  Shops) 


FUTURE  PERMITS/APPROVALS  REQUIRED 


Title 

o  RDDP 

o  Mined  Land  Reclamation 
Amendment  £**  vAl-* 

^  o  PSD/MIS  Amendment 

o  COLO  APCD/APENS  -MIS/SPF 


Approval  Timing 

Prior  to  Development  Mining 

and  Process  Facilities 

Construction 

Prior  to  Setting  AGR 
Foundation 

Prior  to  Setting  MIS/SPF 
Foundation 

Prior  to  Setting  MIS/SPF 
Foundation 


o  UIC  *Prior  to  Ignition  MIS 

o  PMN  *go  DAYS  pRI0R  T0  Production 


•Estimated  -  Regulations  still  being  Developed. 
RET/pmr  8/84 
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MIS  RDDP  CONFIDENTIAL  INFORMATION 
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MIS  RDDP  CONFIDENTIAL  INFORMATION 


OBJECTIVE 

Answer  Specific  Questions 


M1M-.JQ  PQ  IT  P h M ^  60 H  k.  oUte* 

^  dots  I'i  ^ 

o  Questions  Based  on  Lease  Requirements  and  Need  to  Know 


o  Use  Q/A  Sessions 


o  Support  by  Brief  Visual  Aids 


•CkecX  oiA  ooiT;k  ^olicKoY' 


o  Review  Specific  Details  -  in  CB  Confidential  Office 

lo  koJt  uA«a.  rev/i&oe-r  7 

o  Use  Previously  Published  Materials  to  Extent  Possible 


-  DOE 


-  Technical  Papers 

-  SFC  Confidential  Documents 


Aug*  1984 
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OIL  RECOVERY  AND  LONG  RANGE  PLANS 


ll 


CB  RESOURCE  UTILIZATION 


OVERVIEW 

•  INITIAL  MINING  PLAN 

‘  CURRENT  MARKET 
’  SYNFUELS  SUPPORT 

•  TECHNICAL  (SUBSIDENCE,  ETC.) 

•  TOTAL  RESOURCE  UTILIZATION 

•  FUTURE  DEVELOPMENT  ON  NEW  HORIZONS 

•  ALTERNATIVE  RECOVERY  PLANS 

•  DESIGNED  TO  INCREASE  OIL  RECOVERY 

‘  COMPARE  OIL  RECOVERY  FROM  VARIOUS  ALTERNATIVE 
PLANS. 

•  LONG-TERM  DEVELOPMENT  ALTERNATIVE  PLAN 

'  PHASED  MIS  PLAN 

•  LONG-RANGE  RESOURCE  UTILIZATION  PLAN 

'  TOTAL  RESOURCE  DEVELOPMENT  STARTING  FROM 
INITIAL  PLAN 

TER: PH  7/30/84 
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CB  INITIAL  WINE  PLAN 


COMBINED  AGR  AND  MIS  OIL  PRODUCTION  OF  14,100  BPCD  SYN¬ 
CRUDE. 


RAW  SHALE  OIL  PRODUCTION  OF  JJ ,000  BPCD  AGR  AND  2,260  BPCD 
MIS 


40-GPT  AGR  FEEDSTOCK  4.7  MM  TPY  SUPPLIED  FROM  ROOM  AND 
PILLAR  3.9  MM  TPY  AND  MIS  0.8  MM  TPY  MINING  OPERATIONS. 


40-FT  HIGH  ROOM  AND  PILLAR  SECTION  15-FT  TOP  SLICE  AND 
25-FT  BENCH  WITH  ACCELERATED  TOP  SLICE  .AND  DELAYED  BENCH  TO 
GIVE  HIGHER  GRADE. 


278-FT  HIGH  MIS  SECTION  WITH  THREE  VOID  LEVEL  RETORT  DESIGN 
PREVIOUSLY  DEMONSTRATED  FULL  SCALE  AT  LOGAN  WASH  MINE. 


FIVE  MIS  RETORTS  PROCESSED  ANNUALLY  WITH  FOUR  RETORTS 
RUNNING  SIMULTANEOUSLY. 


MINE  DESIGNED  TO  PRODUCE  MINIMAL  TO  NON-SUBSIDING  CONDI¬ 
TIONS  ON  GROUND  SURFACE  OVER  THE  MINE. 


TER/PH  7/10/84 


1 


► 
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MIS  and  R  &  P  Station  Layout 

vs 

Richness  Log 

AVG  CB  Corehole 

OH  Yield,  Gailons/Ton 


Depth  o 
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300  • 
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20  40  60 
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CB  INITIAL  MINE  PLAN 


Room  and 
Pillar 


□□□□  I 

□□□□  | 

SSS2  Modified  In-situ 

□□00 
Oaaa 

aaa 


Plant 

Pillar 


Tract  C-b 


_ 


CB  MINE  PLAN 

TRACT  AREA  BREAKDOWN  (Af.RFSl 


TER: PH  7/25/84 


CB  INITIAL  MINE  PLAN 


OIL  RECOVERY 


Area 

In  Place 

OiiS? 

(MM  Bbls) 

Recovered  Raw 
Shale  Oil 
(MM  Bbls) 

ROOM  &  PILLAR 

261.4 

109.1 

olOtz'p 

WXoj'tly  cxly  J  Ite.  1*5 

Slrc€ 

MIS  3V> 

172.7 

38.9 

TOTALS 

434.1 

148.0 

Calculated  using  only  the  horizon  where  actual  mining 

ACTIVITIES  OCCUR. 


Note:  Total  fines  production  would  be  9.2  MM  barrels 

WHICH  IS  6.2%  OF  TOTAL  RECOVERED  OIL  AND  2.1%  OF 

oil  in  place.  Initial  5  years  build-up  period 

FINES  OIL  PRODUCTION  WOULD  BE  0.1%  OF  OIL  IN 
PLACE. 


TER: PH  7/31/84 


_ 


TOTAL  RESOURCE  UTILIZATION 


INITIAL  MINE  PLAN  DOES  NOT  PRECLUDE  FUTURE  RESOURCE  UTILI¬ 
ZATION. 

•  IN  THE  PRESENT  MINING  HORIZON. 

‘  IN  NEW  HORIZONS  WITHIN  THE  OVERALL  DEPOSIT. 


PRESENT  MINING  HORIZON  HAS  POTENTIAL  FOR  SUBSTANTIAL 
ADDITIONAL  OIL  RECOVERY. 


•  ALTERNATE  RECOVERY  PLANS 


TER: PH  7/10/84 


RESOURCE  DEVELOPMENT  BELOW  PRESENT  MINING  H0RT70N 


-ft  •(A.Tc.K  ckzfojri 

TOTAL  DEPOSIT  REPRESENTS  13.2  BILLION  BARRELS  OF  IN  PLACE 
OIL  FOR  THE  TOTAL  TRACT  OR  11.5  BILLION  BARRELS  FOR  THE 
MINEABLE  AREA. 


AT  LEAST  THREE/  AND  POSSIBLY  FOUR  OR  MORE,  MINING  HORIZONS 
CAN  BE  LOCATED  IN  THE  DEPOSIT. 


FOUR  MINING  HORIZONS  RESULT  IN  A  RESOURCE  RECOVERY  OF  41% 
OF  THE  11.5  BILLION  BARRELS  IN  PLACE. 


TER: PH  7/10/84 
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450 FT. 
SHALE 


I 


INITIAL 

PROJECT 

278FT. 


i 


350  FT. 
PILLAR 


r 


FUTURE 

HORIZON 


i 


350 FT, 
PILLAR 


I 


FUTURE 
HOR  ZON 


V 


C-b  TRACT  HISTOGRAM 


-  403 


-  500 


-  500 


-  700 


-  800 


-  900 


-  1  000 


-1100 


-  1200 


-  1  300 


-  1  400 


-  1  500 


-  1  600 


-  1  700 


-  1  SCO 


-  1  900 


BASE  A- OR 


BASE  B-GR 


Base  rs 

BASE  l5 


BASE  R5 

base  l 4 


BASE  R4 
BASE  l 3 

BASE  R3 
BASE  !_2 


BASE  R2 
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BASE  R l 

base  lo 
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ALTERNATIVE  RECOVERY  PI  ANS 


Designed  to  Increase  Oil  RFcnvFpy 

SECONDARY  RECOVERY  MINING  METHODS 

MULTIPLE-LEVEL  ROOM  AND  PILLAR  MINING 

BLASTHOLE  STOPE  BULK  MINING 

IMPROVED  MIS  DESIGN 

INCREASED  SUBSIDENCE  DESIGNS 


TER: PH  7/30/84 


Present  Shaft 


iiUlierleye] _ 


39  6PT 


Int.  Level 


{ouer  |  eye! 


40*  RAP 
(Case  A) 


40*  Resource 
Interval 


38  GPT 


26  GPT 


J2  GPT  Avfl. 

2-Level  RAP 
278*  Resource 
Interval 


30  GPT  Avg. 


Multi-level  RAP 
344*  Resource 
Interval 


Scali 


ro 

GO 


»/» 

4* 

*» 

» 

-C 

GO 

4^ 

C 

Qt 

at 

»- 
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Upper  J^vel 


Int.  Level 


Lower  Level 


26  GPT 


Tall  BUS 
278*  Resource 
Interval 


104  * 


120' 


Sea) 

-  40 


2-Level  BUS 
344*  Resource 
Interval 


©  ft 


Tipper  Level 


C 

to 

P  _ 

oi  Int.  Level 

in  i-»-  - *  — - 

£ 

ii. 


ro 

-P» 


Lower  Level 


27  GPT-AGR 
26  GPT-MIS 


3  Void  Level  NIS 
Retort 

278*  Resource 
Interval 


Retort 

335*  Resource 
Interval 


Scale 
-  0 

-  40 


L—  80 


RAW  SHALE  OIL  RECOVERY  FOR  Al.TFRNATIVE  PLANS 


lO  \AVci  "s.  v>._ \  w.«e/ 


Mining  Plan 

Mining 

Interval 

(Ft) 

Resource 

Interval 

(Ft) 

In-Place  Oil 
/CMM  Bbls/x  - 
\100  Acres)) 

_ 1  V\,  _ 

RECOVERED  RAW 

'/tMM  BiblsA 
(  100  Acres) 

Room  and  Pillar 

One  Level 

40 

40 

10.2 

3.8 

Two  Level 

160 

278 

51.5 

9.8 

Three  Level 

UHJ 

.344. 

1  62.37 

V11. 9 1 

Blasthole  Stope 

One  Level 

278 

278 

« 

51.5 

10.7 

Two  Level 

\  240  \ 

\  344 

1  62 .3 j 

om 

MIS  ** 

Initial  Plan 

278 

2  76 

51.5 

11.6 

Improved  Design 

335 

344 

62.3 

19.4 

Optimum  Design 

1 335) 

r  344J 

f62 • 3 1 

[28.6^ 

*  Values  do  not  account  for  plant  pillar  and  boundary  setback  pillars. 

**  HIS  CALCULATIONS  USE  A  RECOVERED  OIL  YIELD  VALUE  OF  0.695. 


TER: PH  7/30/84 
Rev.1 
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CB  PHASED  LONG-RANGE  DEVELOPMENT  ALTERNATIVE 


Mining  Plan 

Type  of 
Mining 

Acres 

Used 

Years 

Annual  Raw 
Shale  Oil 
MMBbls 

Cumulative  Raw 
Shale  Oil 

MM  Rhlc 

Initial  Phase  1 

Pian 

1-AGR  Unit 
Room  and  Pillar 
and  MIS 

935 

10 

4.84 

IVIIVI  DUIS 

32.2* 

Phased 

^  f 

1-AGR  Unit 
MIS  Only; 
Non-Subsiding 

188 

4 

9.2 

69.0 

Phase  III** 

2-AGR  Units 
MIS  Only; 
Minimal-Subsiding 

322 

4 

18.8 

144.2 

Phase  IV** 

3-AGR  Units 
MIS  Only;  Con- 
trolled-Subsiding 

400 

4 

28.7 

259.0 

Phase  V 

4-AGR  Units 
MIS  Only;  Con¬ 
trolled  Subsiding 

2636 

20 

38.2 

1012. 

Includes  production  during  5  years  buildup  period 
*'  Hna*dosign?d  'V  CO"SiSt  °*  Several increments  ®»  redesign  to  reach  the  Phase  V 


LONG-RANGE  DEVELOPMENT  ALTERNATIVF  PI  AN 


LONG-RANGE  PLAN  REPRESENTS  A  BALANCE  BETWEEN  RESOURCE  RECOV¬ 
ERY  AND  CONTROLLED  SUBSIDENCE. 


LONG-RANGE  PLAN  SIGNIFICANTLY  INCREASES  OIL  RECOVERY  WITHIN  A 
SINGLE  MINING  HORIZON  FROM  148  MM  BARRELS  TO  1012  MM  BARRELS 
OF  RAW  SHALE  OIL. 


TOTAL  FINES  PRODUCTION  OVER  LIFE  OF  PROJECT  COULD  BE  1%  OF 
OIL  IN  PLACE. 


POTENTIAL  OIL  PRODUCTION  FROM  FINES  DURING  INITIAL  5  YEARS 
BUILD-UP  PERIOD  WOULD  BE  0.03%  OF  OIL  IN  PLACE. 


TER: PH  7/31/84 
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LONG-TERM  RESOURCE  UTILIZATION  PLAN 


|  K.O.T  &  Jj 


TOTALS 


3  HORIZONS 
PHASED  MIS 

(3692  MM) 


4704  MM 


3  HORIZONS  j 
PHASED  MIS  1 

(3441  MM) 

3589  MM 


INITIAL  PLAN 
(148  MM) 


CONTINUE 
INITIAL  PLAN 


5  HORIZONS 
INITIAL  PLAN 

(  740  MM) 


888  MM 


COMPLETE  BENCH 
(64  MM) 


SECONDARY 

RECOVERY 

(26  MM) 


MULTI  LEVEL 
ROOM/PILLAR 
BHS 

(336  MM) 


CURRENT  HORIZON 


FUTURE  HORIZONS  — I 


TER:ph  7/23/84 


— 


ABOVE  GROUND  RETORTING/SHALE  PREPARATION  AND  HANDLING  (AGR) 


o  Overall  Materials  Handling 
o  Raw  Shale  Fines 

o  Processing,  Ore  Feed  Grade  and  Mineralogy 
o  Spent  Shale  Handling  and  Disposal 

•  Design 

•  Test  Program 
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DESIGN  BASIS 


MINE 

FACE 


MINING 


MINE  PRODUCTION 
(HEADFRAME) 


PRIMARY 

CRUSHING 


MATERIAL  HANDLING 


8  NOMINAL  MATERIA! 


£-9-  hlo'IUWl  (cA 

COARSE  SHALE 
REMOTE  STORAGE 


12  OAY 
STOCKPILE 


8  NOMINAL  MATERIAL 


SECONDARY 

CRUSHING 


CO 

ro 


!  STORAGE 

BIN 

2"  NOMINAL 
MAIIBIAJU 

ABOVEGROUND 

2**  NOMINAL  +1/8" 

FINAL 

RETORT 

MATERIAL 

SCREENING 

Vre£p>vir  ftgui 

KoJfr  [ V(f 

-1/8"  MATERIAL  (FINES) 

, 

STOCKPILE  j 

- 1 


\s  A  to 
c 


MIS 

Sill  II IH 
CONTROL 
AREA 

FGD 

SPENT 

SHALE 

WETTING 

SLU06E 

BY  CONVEYOR 


BY  TRUCK 


TO  DISPOSAL  a  RE  VEGETATION 


-  NORMAL  FLOW 

-  ALTERNATE  FLOW 


BLOCK  FLOW  DIAGRAM- MATERIALS  HANDLING  (SURFACE ) 


FIGURE  3.4-1 


AGR  RAW  SHALE  STORAGE 


•  COARSE  ORE  STOCKPILE 

•  FINES  STOCKPILE 


7/13/8H  KRC 
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CKMKRAL  LVmUT  .  ~ 
CDMHIHM  CHDUBU. 
IN  K.  HONAHk  ■LH.m 


CATHEDRAL  SuNTl 


% 


AGR  RAW  SHALE 
(R&P  Topslice  and  Bench) 
MINERALOGY  AND  COMPOS:  I T I  DM 


X-RAY  DIFFRACTION 

mineralogy  PEAK  HEIGHTS  EST.  WT.  2 


DOLOMITE 

78 

232 

QUARTZ 

93 

11% 

DAWSON ITE 

10 

1-92 

CALCITE 

18 

31 

ANALCITE 

_  * 

0-32* 

NA-FELDSPAR  (ALBITE) 

31 

-  7  Too 

K-FELDSPAR 

11 

\o  ^ 

PYRITE 

5 

<1%* 

MG-SIDERITE 

5 

ARAGONITE 

TRACE 

TRACE 

NAHCOLITE 

• 

TRACE 

0*12*  bec^aoi  e 

|  (‘coJuuC  £01u. 


*2  DETERMINED  BY  CHEMICAL  ANALYSIS 
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RAW  SHALE  LEACHATE 


I  STUDY  PERFORMED  IN  1981-1982  BY  COLORADO  STATE 
UNIVERSITY.  VAc(joK,o<"^er 


II  COMPARE  C-A  AND  C-B  ROCK. 

V  -  Cs-Nsoy-t 

«•£-  M>«1  Fee®! 

III  CONCLUSION:  LOW  GRADE  ROCK  (C-B)  LEACHATE  IS  BETTER 
WATER  QUALITY  THAN  HIGH  GRADE  ROCK  (C-A). 


JNS  8/1/8M 


RAW  SHALE  LEACHATE 


•  PERFORM  ADDITIONAL  BENCH  TESTS  ON  HIGH  GRADE  (AGR  FEED) 
C-B  ROCK. 


•  CONSTRUCT  NEW  TEST  PLOT  AT  C-B  USING  HIGH  GRADE 
(TOPSLICE)  ROCK  AND  PERFORM  LEACHATE  STUDY. 


JNS  8/1/84 
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DISPOSAL  OF  RAW  SHALE  FINES 


CONSIST  SIZE:  -1/8" 


AMOUNT: 


81  OF  MINED  AND  CRUSHED  SHALE 
374,000  TONS/YR 


ESTIMATE  OF  OIL  RECOVERY  FROM  FINES  RETORTING: 

A.  PHASE  I  (34- YR  PLAN) 

•  2. IX  OF  OIL  IN  PLACE-QVER  34  YRS  (6.2X  OF  _  „ 

RECOVERED  OIL). 

1^== - ===== - - 

— - —  -  -  - — otf  K  I S 

•  0.1X  OF  OIL  IN  PLACE  OVER  FIRST  5  YRS.^ 


B.  LONG-RANGE  PLAN  H(S  iKLfCOJes-,  $<£>  lost  o!  ( 

c3Ll^e.i‘i koj  o~t  4'ueS  les?  t  (es$ 

•  IX  OF  OIL  IN  PLACE  OVER  LIFE  OF"  THE  PROJECT 
(2.3X  OF  RECOVERED  OIL). 

•  0.03X  OF  OIL  IN  PLACE  OVER  FIRST  5  YRS. 


8/1/84  KRC 
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SHORT-TERM  ALTERNATES  FOR  UTILIZATION  OF  FINES 


A.  INSTALL  FACILITIES  FOR 

•  RETORTING 

•  COMBUSTION  OF  FINES  C 

B.  DISPOSE  OF  RAW  SHALE  FINES  UNTIL  MEANS  FOR  RETORTING 
FINES  ARE  ESTABLISHED 

•  CODISPOSE  FINES  WITH  SPENT  SHALE 

•  STOCKPILE  SEPARATELY 


8/1/84  KRC 
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ALTERNATF  A 


INSTALL  PROCESSING  FACILITIES  Nnw 

RETORTING 

•  LURGI-LR.  TOSCO  II.  CHEVRON  STB 

•  PILOT  PLANT  S  SEMI-WORKS  SCALE 

•  NOT  COMMERCIAL 

COMBUSTTON 

•  SOX  AND  NOx  EMISSION  REDUCTION  lWV) 

ovua-fr'Hy  ccoj 

•  SMALL  SCALE  TESTS 

t  NOT  COMMERCIAL 


8/1/8M  RTS 
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ALTERNATE  B 


CODISPOSAL  VERSUS  STOCKPTI  TMH 


INCREMENTAI 

CAPITAL 

ill 

A.  CODISPOSAL  OF  RAW  SHALE  NIL 

FINES  WITH  AGR  SPENT  SHALE 


B.  STOCKPILING  OF  RAW  SHALE  $500,000 

FINES 


8/1/84  KRC 


COST  INCREASE 

OPERATING 

(S/Yr) 

NIL 


$240,000 
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CONCLUSIONS 


RETORTING/ COMBUSTION 

0  ADDS  TO  PROJECT  COST 

0  ADDS  TO  PROJECT  RISK 

0  PROCESSES  NOT  PROVEN  COMMERCIALLY 

0  FINES  RATE  TOO  SMALL  TO  JUSTIFY  DEVELOPING  NEW  TECHNOLOGY 

STOCKPILING 

0  ADDS  TO  PROJECT  COST 

0  NO  ASSURANCE  WILL  EVER  BE  UTILIZED 

\iijA  Cool  C  &eS  v  3  ej 


8/3/84  RTS 
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INITIAL  PLAN 


CO  DISPOSE  RAW  SHALE  FINES  WITH  SPENT  SHALE  UNTIL 
ECONOMICAL  MEANS  FOR  UTILIZATION  HAVE  BEEN  ESTABLISHED. 

\\o%t  lootl  art  Sj/vtSS ; OTL oJl 

Cci  -  dttTj  po5ou[  e 

^  peS  V,  l#l«.  i.w 

f  \  - 


8/3/8H  RTS 


UNISHALE  B  RETORT  ENERGY  BALANCE 


4^ 

-P* 


.  Frcmv 

AO  64>T 


PobUc 


RAW  SHALE 
•  4026.7  MM  6TU/HR 


HOT  RECYCLE  GAS 


Hta-696.2  MM  8TU/HR 


REF.  TEMR  =  77°F  LIQUID  WATER 
RAW  SHALE  FA  =  40  GPT 
H  =Hc+Hs+Ha 

Hc  =  COMBUSTION  ENTHALPY  (HHV) 
Ha  =  SENSIBLE  ENTHALPY 
HA= LATENT  HEAT  ENTHALPY 


RICH  SHALE  FEEDSTOCK  TO  AGR 


A.  PILOT  PLANT  STUDIES  ON  C-B  TRACT  SHALE  (OCTOBER 
1983-FEBRUARY  1984): 

~Tc> jo  Slice.  M.cJte^T,=J  cM-iy" 

•  TESTED  SHALE  IN  THE  FA  RANGE  OF  35  TO  H3  GPT 

•  RETORT  FEED  NOT  REPRESENTATIVE  OF  COMMERCIAL  MINE 
BLEND 

Ni  \  C-e&fe  5  ovM.  a‘-^j  ^  l  O'V 

y> 

B.  FUTURE  STUDIES: 

•  SHALE  GRADE  DISTRIBUTION  TESTS 

•  PERMEABILITY  TESTS 

•  SUPPLEMENTAL  AGR  DESIGN  TEST  RUN  lo^M***.  AG-A 

•  RETORT  PARAMETRIC  ENGINEERING  EVALUATION  STUDIES 

•  PARACHUTE  CREEK  PLANT  INPUT 


7/13/84  KRC 
8/9/84  (REV . 1 ) 


45 


■  ■  ■■ 


, 

' 


ACR  SPENT  SHAI  F 
MINERALOGY  AND  COMPOSITION 


X-RAY  DIFFRACTION  PEAK  HEIGHTS 

A.  MINERALQQY  RAW  SHALF  SPENT  SHAI  F 


DOLOMITE 

78 

(23. SZ) 

72 

(21. OZ) 

QUARTZ 

93 

(11. OZ) 

96 

(12. OZ) 

DAWSONITE 

10 

(  1.9Z) 

ND 

CALCITE 

18 

(  3.0Z) 

19 

(  3.0Z) 

ANALCITE 

ND 

A 

(  0.3Z) 

ALBITE 

31 

34 

K-FELDSPAR 

S 

S 

PYRITE 

5 

«1.0Z)2 

ND 

Mg-SIDERITE 

5 

ND 

NAHCOLITE 

TR 

(  0. 1Z) 1 

ND  -  NOT  DETECTA8LE 

S  -  K-FELDSPAR  FORMING  UNMEASURABLE  SHOULDER  ON  ALBITE  PEAK 
A  -  COLLAPSED  CDEHYDRATED)  ANALCITE 
TR  -  TRACES 

1  -  AS  DETERMINED  BY  CHEMICAL  ANALYSIS 

2  -  ESTIMATED 

NUMBERS  IN  PARENTHISES  ARE  WTZ  RAW  SHALE 
7/13/84  KRC 
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AGR  SPENT  SHAI  F 
MINERALOGY  AND  COMPOSITION 


COMPOSITION 

1.  ELEMENTAL  ANALYSES  OF  SPENT  SHALE  DERIVED  FROM  OCTOBER 
1983-FEBRUARY  1984  AGR  TEST  RUN  HAVE  BEEN  COMPLETED. 

2.  FUTURE  STUDIES  INCLUDE  DETERMINATION  OF  CHEMICAL 
COMPOSITION  OF  SPENT  SHALE  DERIVED  FROM  FORTHCOMING 
AGR  PILOT  PLANT  STUDIES. 


7/13/84  KRC 


SAW  AND  SPENT  SHALE  FI  FMFNTAL  ANAI  VSFS 
V  Kcf'T'  '  Top  5  * 

BAW  SHALE  SPENT  SHALF 


FISCHER  ASSAY,  GPT 
TOTAL  CARBON,  WT Z 
MINERAL  CARBON.  WT2 
ORGANIC  CARBON,  WTZ 
TOTAL  HYDROGEN.  WTZ 
TOTAL  NITROGEN.  WTZ 
TOTAL  SULFUR.  WTZ 

PYRITIC  SULFUR.  WTZ 
ORGANIC  SULFUR.  WTZ 
SULFATE  SULFUR.  WTZ 
SULFIDE  SULFUR,  WTZ 


37.30 

- 

22.44 

10.85 

4.41 

5.16 

18.03 

5.51 

2.43 

0.49 

0.73 

0.55 

1.07 

0.80 

0.63 

0.31 

0.40 

0.16 

0.04 

0.15 

- 

0.18. 

ib 

<Y-ejr*^ -c  utjivej  - 


■  f  e.oLoC.lvva 
i  OL^iv^j/  K.er-e_, 


vy\*eo-^ 


7/13/84  KRC 
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AGR  SPENT  SHAI  F 
SPENT  SHALE  DISPOSAl  TFSTUORf 


A.  CONTRACTOR.-  IN-SITU.  INC. 

B.  PURPOSE !  TO  DEVELOP  AN  OVERALL  PLAN  FOR  SPENT  SHALE 

DISPOSAL  THAT  WILL  ADDRESS  A  VARIETY  OF 

GEOTECHNICAL.  HYDROLOGICAL.  AND  ENVIRONMENTAL 
CONSIDERATIONS . 


C.  SCOPE  OF  WORK; 

1.  PHYSICAL  CHARACTERIZATION  OF  SPENT  SHALE  DERIVED  FROM 
RETORTING  OF  C-B  TRACT  SHALE  IN  UNISHALE  B  RETORT 

2.  LEACHATE  CONTENT  CONSIDERATIONS 

3.  WATER  QUALITY  IMPACT  ANALYSIS 

4.  CLIMATOLOGY 

5.  RETORTED  SHALE  PILE  GEOMETRY 

6.  AGRONOMIC  PROPERTIES 

7.  RETORTED  SHALE  PILE  WATER  BALANCE  MODELING 

7/13/84  KRC 
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AGR  SPENT  SHALE  PILF  DFSTr,N 


PILE  DESIGN  WILL  CONSIST  OF: 

•  A  FOUNDATION  LAYER  OF  COARSE  ROCK  IN  SOME  AREAS 

•  THREE  ZONES  OF  PROCESSED  SHALE  (ZONES  I.  II.  &  III) 

•  COVERING  CALLED  THE  RECLAMATION  ZONE 


7/13/8H  KRC 
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AGR  SPENT  SHALE  PILE  DFSTON 

PROCESSED  SHALE  ZONFS 


Tm*-*- 

?IVe  TO  TEN  FT  THICK  COMPACTED  LAYER  BENEATH 
PORTIONS  OF  AND  OVER  THF  ZONES  TT  AND  ITT 
MATERIALS.  AND  COMPACTED  TO  1002  MAXIMUM 
DENSITY  OF  92  LB/FT3  AT  OPTIMUM  MOISTURE  FOR 
COMPACTION  (22  uZ). 

ZONE  II  NO  ADDITIONAL  MOISTURE  OR  COMPACTION  REQUIRED. 

''zo  v)^^cULy  . 

ZONE  III  COMPACTED  BY  CONSTRUCTION  EQUIPMENT  ONLY  AS 

NEEDED  TO  FACILITATE  CONSTRUCTION  OF  ZONE  I 
FACE  LINER. 


7/13/84  KRC 


ZONE  I 


&M  V>  «^.rcxL.K^ 


51 


AGR  SPENT  SHALE  Pli.F  DFSTON 


KEY  FEATURE  OF  SPENT  SHAI.F  PTI  F  nrsTRM 

•  ZONE  I  LAYER  OVER  ZONE  II  MATERIAL  AND  BENEATH  RECLAMATION 
ZONE  WILL  ACT  AS  AN  AQUITARD  UNTIL  RECLAMATION  ZONE  IS 
ESTABLISHED. 


i 


7/13/84  KRC 
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AGR  SPENT  SHAI  F  PTI  F  DFSTGN 
KEY  FEATURES  OF  SPFNT  SHALE  PILE  nFSTSN 


•  UPPER  ZONE  I  LAYER  IS  TO  SERVE  AS  AN  AQUITARD  BOTH  DURING 
CONSTRUCTION  AND  AFTER  RECLAMATION. 

A.  PRIOR  TO  OR  DURING  PLACEMENT  OF  RECLAMATION  MATERIAL. 
ZONE  I  LAYER  WILL  SERVE  AS  A  RELATIVELY  IMPERMEABLE 
BARRIER  TO  MOST  PRECIPITATION  EVENTS  AND  DIVERT 
MOISTURE  TO  RETENTION  FACILITIES. 

B.  AFTER  RECLAMATION,  ZONE  I  LAYER  WILL  HELP  TO  HOLD 
WATER  WITHIN  RECLAMATION  ZONE  —  ENHANCE 

E VAPOTRANSP IRATION  AND  REDUCE  MOISTURE  MOVEMENT 
THROUGH  PILE. 


7/13/84  KRC 
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AGR  SPENT  SHALE  PILE  DESIGN 


CONCERNS 


•  CONSOLIDATION  OF  NATURAL  SOILS  BENEATH 
SPENT  SHALE  PILE 


•  SPENT  SHALE  PILE  SETTLEMENT 


•  SPENT  SHALE  PILE  SURFACE  WATER  CONTROL 


8/1/84  KRC 


54 


AGR  SPENT  SHALE  PILE  DESIGN 


CONSOLIDATION  OF  NATURAL  SOILS  WILL  DEPEND  UPON: 

•  APPLIED  LOADS  (PILE  HEIGHT) 

•  SOIL/MOISTURE  CONDITIONS  INCLUDING  HORIZONTAL  AND 

VERTICAL  VARIATIONS  IN  SOIL  PROFILE 

•  DEPTH  TO  BEDROCK 


7/13/84  KRC 
8/9/84  (Rev. 1 ) 
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AGR  SPENT  SHALE  PILF  OFSTEM 


SPENT  SHALE  PILE  SETTLEMENT  OEPENDS  UPON: 

•  GRADATION  OF  MATERIALS 

•  STRENGTH  OF  INDIVIDUAL  AND  GROUP  OF  PARTICLES 
#  •  PILE  HEIGHT 

•  MOISTURE  CONDITIONS 

•  PLACEMENT  METHODS 

•  RESULTANT  INITIAL  PLACEMENT  DENSITIES 

7/13/84  KRC 
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Gradation  Analysis 


SPENT  SHALE  GRADATION  ANALYSIS 


- 

Jj 

Particle  Diameter  in  Millimeters 

O.OOI  0.002  0.005  0.009  0.019  0.037  0.074  0.149  0.297  0.590  1.19  2.38  4.76  9.52  19.1  38.1  76.2  152 
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GRADATION  COMPARISON 


' 

1 

CATHEDRAL  BLUFFS 
SUMMARY  OF  TEST  RESULTS 


Retorted  Shale  Retorted  Shale  UOC-TOSCO 


Item 

(+1/4-  Feed) 

Raw  Shale  Mix 

Mix 

Specific  Gravity 

+1/4  inch 

1.90 

1.90 

1.90 

-1/4  inch 

2.50 

Retorted  2.50 

2.50 

-1/4  inch 

Overall 

2.07 

Raw  1.93 

2.10  (2.31  -1/4") 

2.18 

Placement  Moisture 

13% 

15% 

14% 

Content 

Poured  Density 

Maximum 

65  pcf 

69  pcf 

65  pci 

Minimum 

55  pcf 

56  pcf 

55  pcf 

ASTM  D  698 

Opt  Density 

91.9  pcf 

93.4  pcf 

93.3  pcf 

Opt  Moisture 

21.5% 

18.9% 

18.6% 

1/2  ASTM  D  698 

Opt  Density 

88.6  pcf 

89.9  pcf 

89.0  pcf 

Opt  Moisture 

20.7% 

20.3% 

22.4% 

Triaxial  Strength 

(at  ASTM  D  698) 

0 

29.5° 

30.5° 

26.5° 

c 

0.97  ksf 

0.85  ksf 

1.05  ksf 

(at  1/2  ASTM  D  698) 

0 

c 

17° 

1.4  ksf 
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PLACEMENT  MOISTURE  TESTWORK 
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DROP  HEIGHT  (FT) 


POURING  TESTWORK 


SYMBOL 


AVERAGE  MOISTURE  CONTENT 


— -A— 


9% 

13% 

17% 


FIGURE 
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SPENT  SHALE  PILE  SURFACE  MATER  CONTROL 


SURFACE  WATER  CONTROL  SYSTEM  FOR  COTTONWOOD  AND  SORGHUM 
GULCHES  WILL  CONSIST  OF  THREE  BASIC  COMPONENTS: 


•  DIVERSION  OF  RUNOFF  IN  CHANNELS  FROM  UNDISTURBED  AREAS 
AROUND  THE  PILE. 


•  COLLECTION  IN  RETENTION  PONDS  OF  RUNOFF  POTENTIALLY 
CONTAMINATED  BY  RETORTED  SHALE. 


•  COLLECTION  IN  DETENTION  (SEDIMENTATION)  PONDS  OF  RUNOFF 
FROM  THOSE  PILE  AREAS  UNDERGOING  RECLAMATION. 


8/1/84  KRC 
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SPENT  SHALE  MOISTURIZING 


BLOCK  FLOW  DIAGRAM 


(  ) 


cn 

CJl 


A 


A 


' 


RECLAIMED  4S£ Acres 
UNRECLAIMED  ItZ  Acres 


VOLUME  S44MM  Tons 
TIME  M  Years 


sat;-'; 


REGL AIMED  G32  Acres  VOLUME  GJAMM  Tons 

UNRECLAIMED  3  Acres  TIME  20  Years 


*  ft  »  V  |  *»  J 
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(!) 


CO 
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RECLAIMED  698  Acres  VOLUME  UO. 3  MM  Tons 

UNRECLAIMED  EG  Acres  TIME  32.  Years 


*•43"-'  .  •  .'.V.s'.TSl.'' 


1  r  r”- 


"T-T-rara  .77  •  ~  '■ ;  ^ 


Uc__u, 
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AGR  SPENT  SHALE 
SPENT  SHALE  LEACHATE  TESTWORK 


A.  CONTRACTOR;  COLORADO  STATE  UNIVERSITY 


B.  PURPOSE;  TO  OBTAIN  DATA  ON  LEACHATE  QUALITY  AND  DETERMINE 

PERMEABILITY  OF  SPENT  SHALE  TO  AID  IN  EVALUATION 
OF  SPENT  SHALE  DISPOSAL  DESIGN. 


C.  SCOPE  OF  WORK; 

1.  ESM  COLUMN  TESTS  ON  VARIETY  OF  SPENT  SHALE  SAMPLES. 

2.  SPENT  SHALE  SAMPLES  USED  IN  ESM  COLUMN  TESTS  WILL  BE 
COMPACTED  TO  DIFFERENT  DENSITIES  AND  MOISTURIZED  WITH 
DESIRED  MOISTURE  CONTENT. 

3.  WATER  USED  IN  THESE  TESTS  WOULD  BE  REPRESENTATIVE  OF 
MIXTURE  OF  STREAMS  (RAW  PLANT  AND  PROCESS  WATER)  TO  BE 
USED  IN  THE  COMMERCIAL  PLANT. 

4.  BOTH  STRIPPED  AND  UNSTRIPPED  PROCESS  WATERS  SHALL  BE  USED 
IN  ESM  COLUMN  TESTS. 

5.  OTHER  TESTS  INCLUDE  SIZE  DISTRIBUTION.  PARTICLE  DENSITY 
AND  PERMEABILITY  DETERMINATIONS.  MAXIMUM  RETENTION 
CAPACITY.  FIELD  CAPACITY.  AND  WILTING  COEFFICIENT  FOR  EACH 
OF  THE  TWO  COLUMN  TESTS. 

6.  ORGANIC  AND  INORGANIC  ANALYSES  OF  LEACHATES. 

7/13/84  KRC  I  C.S'V.S  c  ov^>\  t  ~ 
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MODIFIED  INSITU  PROCESSING  (HIS) 


Mineralogy 
Design  Basis 
Start  Up 
Steady  State 
Quenching  and  Shutdown 
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MIS  PROCESSING  DETAILS 
(300  '  MIS  Zone  -  Mahosany/R-6  Zonfs)* 


MINERALOGY 

PEAK  HEIGHTS 

m 

CO 

— i 

.  WT. 

% 

Avg. 

nz 

R-6Z 

MIS  Int. 

MZ 

R-6 

MIS 

DOLOMITE 

86 

98 

91 

25% 

29  % 

27% 

QUARTZ 

72 

36 

57 

9% 

5 % 

7.5% 

DAWSONITE 

7-8 

ND 

4.5 

1.6Z 

— 

1.3% 

CALCITE 

31 

13 

23 

5 % 

2% 

3.5% 

ANALCITE 

TR 

TR 

TR 

NA-FELDSPAR 

38 

60 

48 

K-FELDSPAR 

17 

27 

21 

PYRITE 

3 

6 

4.5 

<i% 

1% 

<1% 

MG-SIDERTIE 

7 

7 

7 

ARAGONITE 

5 

ND 

3 

NAHCOLITE 

ND 

ND 

— 

ILLITE 

2 

i 

1 

— 

• 

*  BASED  ON  ONE  CB  COREHOLE  -  TG71-1 

NO  DAWSON  I TE  DETECTED  IN  LOWER  MAHOGANY  AND  R-6  ZONE 


JNS/sb  7/12/84 
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AVG  CB  COREHOLE 


DEPTH  0 


550 


600 


650 


700 


750 


sod 


OIL  YIELD,  GALLONS/TON 

2  0  40  30 


UVL  14' 

47r;pT 


USL 

84'  29GPT 


LSL 

I20‘  24  GPU 


LVlr 

22  21.5GPT 


E3 


15'  I9GPT 


MIS/R&P  STATION  LAYOUT  VS  RICHNESS  LOG 
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REQUESTED  INFORMATION  FROM  DFSIGN  RASTS 


VOID  VOLUME 
PARTICLE  SIZE 
AVERAGE  GRADE 
TEMPERATURE 
PRESSURE 


18- 5% 

3"  AVERAGE 

Co M-  ^e\>ie  \esX 

25-9  GPT 

1600°F  MAXIMUM 

11-7  PSIA  -  9-7  PSIA 


7/31/84  WJMB 


83 


START-UP  PROCFDIIRF 


OBJECTIVE: 

PROCEDURE:  ' 

« 

INPUTS: 

OUTPUTS: 

7/31/84  WJMB 


ESTABLISH  UNIFORM  COMBUSTION  ZONE  ACROSS  TOP 
OF  RETORT. 


0  PURGE  AIR  FROM  RETORT  RUBBLE  VOID  WITH  INERT 
GAS  INTO  OFFGAS  DUCTS  MAINTAINING  LESS  THAN 
4%  OXYGFN  IN  CDMR I NFD  OFFGAS.. 

0  RAPIDLY  HEAT  TOP  SURFACE  OF  THE  RETORT  RUBBLE 
BED,  USING  HOT  INERT  GAS,  TO  COMBUSTION 
TEMPERATURE  OF  APPROXIMATELY  750°F - 

0  INTRODUCE  AIR  TO  INITIATE,  ESTABLISH,  AND 
PROPAGATE  COMBUSTION  ZONE- 


COMPONENTS 

INERT  GAS  CO2 ,  N2->  H2O 

AIR  O2,  N2 

RATES  AND  COMPOSITION  VARY  DEPENDING  ON  STEP  OF 
PROCEDURE- 


OFFGAS  CO?,  N?,  H?0,  HC 

Tra.ce.  a.ws.OJvv'x*' 

WATER  H2O 

RATES  AND  COMPOSITION  VARY  DEPENDING  ON  STEP  OF 
PROCEDURE. 
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STEADY  STATE  PROCEDIIRF 

OBJECTIVE; 

PRODUCE  2260  BPCD  OF  RAW  SHALE  OIL  IN  A  SAFE 
EFFICIENT  MANNER. 

PROCEDURE:  0 

REMOVE  BURNER  SYSTEM  AND  INSTALL  INLET  AIR  LINE 
AND  FLOW  CONTROL  VALVE- 

0 

INTRODUCE  AIR  AT  12,088  SCFM/RETORT. 

0 

MONITOR  BULKHEAD  TEMPERATURES- 

0 

CONTROL  PRODUCT  BULKHEAD. TEMPERATURE  -  -5 pray S 

GvJlloCO^  C-&JC  'C  fcAoO-  lo<-0  &Y  V"C."t.O^C 

0 

CONTROL  RETORT  PRESSURE  BELOW  PRESSURE  OF  MINE- 

0 

MONITOR  GAS,  OIL,  AND  WATER  PRODUCTION. 

0 

CONTROL  OIL/WATER  LEVEL  BEHIND  PRODUCT  BULKHEAD- 

0 

COMPLETION  OF  RETORTING  DICTATED  WHEN  THE  0?  IN 
OFFGAS  EXCEEDS  21,  OUTLET  TEMPERATURE  EXCEEDING 
200°F  OR  OIL  PRODUCTION  CEASES- 

INPUTS; 

AIR  AT  12,088  SCFM/RETORT 

OUTPUTS; 

WATER  -  RATE  VARIES  DURING  RUN  (NET  0) 

0 

OFFGAS  -  168-6  MMSCFD  (TOTAL  OF  FOUR  ACTIVE 
RETORTS,  FOUR  QUENCHING) 

0 

BULKHEAD  OIL  -  1667  BPSD  (TOTAL  OF  FOUR 

ACTIVE  RETORTS) 

7/31/84  WJMB 
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QUENCH  PROf.FnilRF 


OBJECTIVE: 

PROCEDURE: 

INPUTS: 

OUTPUTS: 


7/31/84  WJMB 


REMOVE  RESIDUAL  HEAT  FROM  RETORTING  TO  PREVENT 
DEGRADATION  OF  RETORT  PILLARS,  TREAT  PRnCFSS  WATFR . 
AND  .STRIP  HYDROCARBONS  FROM  SPFMT  SHfll  F  RIIRRI  F  RFFI. 


0  AFTER  COMPLETION  OF  RETORTING,  INSTALL  FOUR 
LINES  TO  TOP  OF  RUBBLE  BED- 


0  BEGIN  WATER  INJECTION- 


0 


CEASE  WATER  INJECTION  APPROXIMATELY  10  MONTHS^-'^^’^ 
AFTER  BEGINNING.  ' 


0  WATER  -  RATE  52/GPM/RETORT 


0  WATER  -  VARIES  DURING  QUENCHING  CYCLE  { 
0  GAS  -  300  SCFM/RETORT  AVERAGE  ?  C 


0  OIL  -  VARIES  FROM  SMALL  AMOUNTS 

(E-s-,  20-30  B/D)  AT  BEGINNING  TO  NIL  AT 
END  OF  QUENCH. 
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Jjkll  i  QHQ  .  1  ,  '.}  UJU  Ti  V'ldi  HI  II 


SHUTDOWN! 


OBJECTIVE: 

PROCEDURE: 

INPUTS: 

OUTPUTS: 

7/31/84  WJMB 


MAINTAIN  SHUTDOWN  RETORTS  IN  A  SAFE, 
ENVIRONMENTALLY  ACCEPTABLE  MANNER. 


0  MONITOR  AND  REMOVE  OIL/WATER  LEVEL  AT  PRODUCT 
LEVEL  BULKHEAD. 

0  MONITOR  BULKHEAD  TEMPERATURES- 
0  MONITOR  BULKHEAD  PRESSURES. 


NONE 


0  WATER  MAKE  WILL  DECLINE  WITH  TIME 
0  GAS  MAKE  WILL  DECLINE  WITH  TIME 
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MIS  POST  RETORTING  OPERATIONS 


CB  EXPECTS  TO  CARRY  OUT  THE  FOLLOWING  STUDY  PROGRAM 
DESIGNED  TO  DETERMINE  A  COST  AND  ENVIRONMENTALLY 

ACCEPTABLE  METHOD  FOR  HANDLING  AND  ABANDONING  MIS  RETORTS 
AT  C-B  TRACT. 

I  DATA  ANALYSIS  AND  COMPUTER  MODELING. 

II  PRE-IGNITION  MIS  RETORT  WATER  MANAGEMENT. 

III  POST- IGNITION  TESTING  (QUENCHING,  LEACHING,  DATA 
ANALYSIS,  AND  MODEL  UPDATE). 

IV  FINAL  ABANDONMENT  PLAN, 


JNS: PH  7/31/84 
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I.  DATA  ANALYSIS  AND  COMPUTER  MODELING 

1.  LOGAN  WASH  RETORT  DATA 
0  QUENCHING 

0  LEACHING 

2.  CB  GROUNDWATER  MODELING  PROGRAM 
0  FLOW  MODEL 

0  SOLUTE  TRANSPORT  MODEL 

3.  GROUNDWATER  MONITORING  PROGRAM 


JNS:bg  7/31/84 
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ANALYZE  LOGAN  WASH  MIS  RETORT  WATER  DATA 


A.  ANALYTICAL  CHARACTERIZATION  OF  LOGAN  WASH 
SPENT/QUENCHED  RETORTS  TO  ACQUIRE 
POST-ABANDONMENT  TRANSPORT  AND  LEACH 
PARAMETERS. 


B.  ANALYTICAL  (MATHEMATICAL)  STUDIES  TO  MAKE 
PREDICTIONS. 

0  OCCIDENTAL  RESEARCH  DATA. AND  STUDIES. 

0  CONSULTANTS 


C.  LABORATORY  PILOT  STUDIES,  AS  NEEDED. 


D.  PREDICT  CB  MIS  LEACHATE  BY  COMPARING  CB  AND 
LOGAN  WASH  MINERALOGY. 


E.  PREDICT  DISPERSION  OF  LEACHATE  FROM  CB  MIS 
RETORTS  USING  TRANSPORT  MODEL. 
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JNSiBG  7/31/84 


T  '  ,  J 


' 


2.  CB  GROUNDWATER  MODEL  TNG  PROGRAM 


PURPOSE  OF  THE  PROGRAM 

TO  DEVELOP  THE  CAPABILITY  OF  PREDICTING  THE  EFFECTS  OF 
MINE  DEWATERING  ON  THE  GROUNDWATER  AND  SURFACE  WATER  SYSTEM 
IN  AND  AROUND  C-B.  ’^M^er-cSLaJL  ^  t  Jbu  |  9 8 ^ 


TO  USE  THE  PREDICTIVE  CAPABILITY  OF  THE  MODEL  AT  COURT 
HEARINGS  IN  1985  WHEN  CB'S  WATER  AUGMENTATION  PLAN  IS 
REVIEWED  FOR  APPROVAL. 


TO  PREDICT  EFFECTS  OF  C-B  TRACT  AND  OTHER  MINING  PROJECTS  ON 
WATER  RESOURCES  IN  PICEANCE  BASIN. 


TO  REDUCE  LONG-TERM  MONITORING  AND  TESTING  COSTS  BY  USING 
THE  MODEL  TO  PREDICT  AFFECTED  AND  NON-AFFECTED  AREAS;  THUS, 
TESTING  AND  MONITORING  ONLY  AS  NEEDED. 


DEVELOP  THE  CAPABILITY  OF  PREDICTING  INFLOWS  INTO  A  CB 
MINE  (CB  SUPPLY). 


DEVELOP  THE  CAPABILITY  OF  PREDICTING  EFFECTS  OF  MIS  SPENT 
RETORT  LEACHATE  ON  THE  GROUNDWATER  SYSTEM  (TRANSPORT 
MODEL) . 


4 


JNS : PH  7/31/84 


FLOW  MODFI 


ADAPT  THE  USGS  THREE-DIMENSIONAL  MATHEMATICAL 
MODEL  TO  C-B  TRACT. 

a)  Perform  test  runs  using  Jim  Taylor's 

INPUT  DATA. 


MODIFY  INPUT  PARAMETERS  BASED  ON  CB  INTERPRE¬ 
TATIONS  OF  THE  GROUNDWATER  SYSTEM. 

a)  Horizontal  and  Vertical  Transmissivities 

b)  Grid  Spacing 

c)  Layering 


COMPLETE  RUNS  FOR  CB  SCENARIOS  AND  PREPARE 
REPORT  BY  DECEMBER,  1984. 


JNS: PH  7/31/84 


Members 


Average  depth  below 
land  surface. 

in  feet  Formations 


US&S 

Oil  shale  zones  Simulation 
and  markers  model  layers 


250  - 


500  - 


750  - 


1000  - 


1250  ~ 


1500  -I 


1750  - 


U  inta 
Formation 


Green 

River 

Formation 


Parachute 

Creek 

Member 


Garden 

Gulch 

Member 


A  groove 


Mahogany 

zone 


B  groove 


R-6 


1-5 


R-5 


1-4 


R  -4 


L-3 


R  -  3 


1-2 


V1 

\ 


\ 

High  ^ 
resistivity 
zone 


\ 


<2  & 


> 


Jpper  aquifers 


R-2 


L  - 1 


R-  1 


L  -  0 


R  -0 


\ 


ZZZZZZZ2 


U>£ 


LAy«*"  5 

+0',*»+a) 


i—  LAyev  ^ 

t — 

*-  Z. 

(P\? 


e-  Layer*  1 


^  Lower  aquifers 


Stratigraphy  from  Bradley 
(1931)  and  Cashion  and 
Donnell  (1974).  Oii-shale 
zones  and  numbers  from 
Cashion  and  Donnell  (1972) 


Figure  3.—  Generalized  correlation  of  stratigraphic,  oil- 
shale,  and  simulation  model  layers,  Piceance  basin, 
northwestern  Colorado- 
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SOLUTE  TRANSPORT  MODFI 


1.  DEVELOP  A  SOLUTE  TRANSPORT  MODEL  FOR  CB. 

a)  Simulate  subsurface  contaminant  movement, 

b)  Predict  effects  of  MIS  retorts  on  the 

GROUNDWATER  SYSTEM. 

c)  Point  out  areas  of  strengths  and 

WEAKNESSES  OF  MONITORING  SYSTEM. 


2.  COMPLETE  MODEL  RUNS  BY  JULY,  1985,  USING 

PREVIOUSLY  DEVELOPED  LEACHING  DATA  FROM  LOGAN 
WASH  RETORTS. 


JNS: PH  7/31/84 
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DEVELOPMENT  SCHEDULE 


GROUNDWATER  MODEL  FOR  C-B  TRACT 

_ _ Dates 

ACTIVITY  BEGIN  END 


Write  work  scope  and 

DEVELOP  A  PLAN  FOR  MODEL 

Development. 

Obtain  USGS  Model  and 
inputs.  Duplicate  USGS 
outputs.  Define  input 

PARAMETERS;  RE:  GRID, 
LAYERING,  PERMEABILITIES, 
ETC. 

Define  new  input  para¬ 
meters,  CHANGE  GRID 
SPACING  AT  CB  AND  MAKE 

new  runs.  Calibrate 

MODEL  FOR  CB  AND  DOCU¬ 
MENT. 

Prepare  inputs  for  veri¬ 
fication  RUNS,  CALIBRATE 
FOR  CB  WATER  LEVELS, 
DEVELOP  PLOTTING  ROUTINES 
FOR  DATA  AND  GENERATE 
PLOTS. 

Interim  Status  Report 
Develop  CB  Scenarios  and 

EXECUTE  MODEL  TO  PREDICT 
EFFECTS  AT: 

1)  CB 

2)  5-6  MILE  RADIUS 

3)  10-12  MILE  RADIUS 

4)  Piceance  Basin  Grid 

Prepare  Final  Flow  Model 
Report. 

Develop  Convective- 
Dispersive  Transport 
Model  for  CB. 


04/04/84  05/22/84 

05/22/84  06/20/84 

06/20/84  08/03/84 

08/03/84  09/15/84 

09/15/84  09/30/84 

09/30/84  11/15/84 

11/15/84  12/30/84 

01/85  07/85 


JNS: ph  7/31/84 
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3.  GROUNDWATER  MONITORING  PROGRAM 


A.  CONTINUE  MONITORING  HYDROLOGIC  AND  CHEMICAL 
ASPECTS  OF  THE  CB  GROUNDWATER  SYSTEM  TO 
SUPPLEMENT  AND  VERIFY  THE  FLOW/TRANSPORT  MODEL 
PREDICTIONS. 

1.  PRESENT  MONITORING  PROGRAM. 

2.  REVISED  MONITORING  PLAN  BASED  ON  MODEL 
PREDICTIONS. 


B.  POST  MIS  OPERATIONS  MONITORING  TO  REFINE  DATA 
BASE  ON  MIS  EFFLUENT  CHARACTER. 


C.  VERIFY  MODEL  PREDICTIONS  AND  RESULTS. 


JNS: PH  7/31/84 


GO 


0 

0 

0 

0 

0 

0 


II .  PRE-IGNITION  MIS  RETORT  WATER  MANAGEMENT 

CONTROL  WATER  AROUND  THE  MINING  ZONE. 

TESTING  OF  AQUIFER  ZONES  TO  DETERMINE  WATER  ZONES. 

DETAIL  ENGINEERING  DESIGN  TO  HANDLE  WATER  BEFORE 
IGNITION. 

-  PREVENT  INFLOWS 

-  DRAIN 
WATER  SOURCES 

HORIZONTAL  MIGRATION  OF  WATER. 

VERTICAL  MIGRATION  OF  WATER. 


JNSiBG  7/31/84 
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MIS  RETORT  ISOLATION  FROM  GROUNDWATERS 


CONTROL  OF  HORIZONTAL  MIGRATION  OF  GROUNDWATER 


1.  DRIFTING  AROUND  RETORTS  AND  AROUND  THE  MIS 
AREA  WILL  INTERCEPT  GROUNDWATERS.  ALSO, 
VERTICAL  DRILL  HOLES,  IF  NEEDED,  CAN  BE 
USED  TO  INTERCEPT  ANY  PROBLEM  WATER 
INFLOWS. 


2.  ADVANCED  DEVELOPMENT  OF  RETORTS  AND 
DRIFTS  WILL  AID  IN  RETORT  ISOLATION. 


JNS: PH  7/31/84 


Slack  Sulphur 
Tongue 

Thirteen  Mile 
Tongue 


I 


4  Senators 
Zone 


2 


Mahogany 

Zone 


R-6 

Zone 


2 


R-5 

Zone 


JNCSNF1ME0 


cfluFimea 


Figure  2.3-9 
Subsurface  Stratigraphy  with 

Major  Hydrologic  Units 
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ELEVATION-  FEET 


7000 


scoo 


3000 


4000 


STRATI  GRAPHIC  COLUMN  ANO 
AQUIFER  CONCEPT 


100 


'E  SEA 

LEVEL 

6100 

6000 

6900 

6600 

5/00 

6600 

5600 

5400 

5300 

6200 

6100 

6000 

4900 

4600 

4/00 

4600 

I — * 

O 

(— * 


CORE  HOLE  No.  TO  71-1 

ELEVATION  6660  Gr 


CORE  HOLE  No.  C32XI2 

ELEVATION  6641  Gr 


CORE  HOLE  No.  C33XI 

ELEVATION  6/10  Gr 


DEPTH 

feel 


SOUTH  TO  NORTH 
CROSS-SECTION 
WITH  RETORT  ZONE 


RETORT  ISOLATION  FROM  GROUNDWATERS 


CONTROLLING  VERTICAL  MIGRATION  OF  GROUNDWATER 


1.  DRAINING  EXCESS  AMOUNTS  OF  GROUNDWATER  IN  THE 
AQUIFER  ZONES  ABOVE  THE  A-GROOVE  BY  USE  OF  SLANT 
UP  HOLES  FROM  DRIFTING  AROUND  THE  RETORTS.  oC 

2.  ADVANCE  DEVELOPMENT  OF  RETORTS  AND  DRIFTS 
WILL  AID  IN  GROUNDWATER  CONTROL. 


3.  OPTIONS  AVAILABLE  TO  MINIMIZE  THE  POSSIBILITY  OF 
CAVING  ABOVE  MIS  RETORTS. 

o  Reducing  the  plenum  heigh-  above  each  retort. 
o  Reduce  time  between  rubblization  and 

IGNITION. 

o  Faster  retort  ignition. 
o  Shorter  retorts. 
o  Supplemental  plenum  roof  support. 
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T  v  \  ^ c!  3  i 


H 


NORTH 


CORE  HOLE  No  T0  7I  I 

f I  E VAIION  6660  Gr 


CORE  HOLE  No.  C32XI2 

El  E VAIION  6841  G« 


E l  EVATION 
ABOVE  SEA 
LEVEL 

6100 

- — 

6000 

!  DEPTH 

feel 

5900 

— 

800 

5800 

800 

5700 

i  ^~K)00 

5600 

JJI 

1  iioo  / 

5500 

w 

5400 

'fnoa 

111 
I  1300 

L 

5500 

MOO 

5  200 

1600 

5100 

1600 

5000 

— _ 

„  1/00 

4900 

4800 

4700 

4600 

1 — > 

O 

CO 

CORE  HOLE  No  C33XI 

ELEVATION  6710  G. 


SOUTH  TO  NORTH 
CROSS-SECTION 
WITH  RETORT  ZONE 


SPENT 

quenching 
retorting 

RUBBLIZE  a  CONSTRUCT 
VOID  DEVELOPMENT 
ACCESS  DEVELOPMENT 


III.  POST-IGNITION  TESTING 


A.  CONTROLLED  QUENCHING  STUDIES  ON  FIRST  MIS 
RETORTS  AT  CB. 

o  Leach  data  collection  and  interpretations. 

o  Comparison  with  previous  data  and 
predictions  . 

o  Refine  preliminary  inputs  in  CB  transport 

MODEL. 


o  Predict  retort  abandonment  behavior. 


o  Develop  mitigation  plan,  if  required. 


JNS : BG  7/31/S4 
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IV,  FINAL  ABANDONMENT  PLAN 

0  AT  LEAST  35  YEARS  OF  MONITORING. 

0  COMPLETE  DATA  FOR  ANALYSIS  AND  MODELLING, 

0  PROCESS  IMPROVEMENTS 

WILL  PROVIDE 

A  COMPLETE/  RESPONSIBLE  ABANDONMENT  PROGRAM  FOR  MIS 
RETORTS  AND  RECLAMATION  OF  C-B  TRACT. 


JNSiBG  7/31/84 
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SUMMARY 


. 

v 


. 


CATHEDRAL  BLUFFS  SHALE  OIL  COMPANY 


Summary  -  DDP  Issues 
Oil  Recovery 

o  Initial  Plan  does  not  Compromise  Remaining 
Resource 

o  Future  Plans  are  Described  which  will  Increase 
Life  of  Project  and  Overall  Oil  Recovery 
o  Lessee's  Financial  Commitment  only  to 
Initial  Phase 

o  Commitment  to  Future  Phases  Controlled  by 
Economics  and  On-Going  Technology  Development 

MR 

o  Technology  Development  Driven  by  Economics 

o  Goal  to  Process  High  Grade  Shale  (40  gpt) 
o  Test  Disposal  Plan  -  Minimize  Environmental 
Impacts  of  Shale  Disposal 
o  Cq-dispose  Fines  until  Technology  Available 
and  Economics  can  be  Evaluated 

ELLS 

o  Design  Criteria  and  Operations  -  (Resolve  any 
Remaining  Questions) 
o  Post  Operations 

-  Collect  Data 

-  Model  Potential  Pollution  Dispersion 

-  Analyze  Data/Compare  with  Predictions 

-  Refine  Model  and  Monitoring  Plan 

-  Assess  Long  Term  Effects  and  Solutions 

o  Abandonment  Plan  and  CB  Tract  Reclamation  -  to  be 

PROVIDED  PRIOR  TO  FINAL  ABANDONMENT  OF  PROJECT 

Aug.  1984 
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